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Specification /4571 

1. Title:     INK-JET RECORDING METHOD 

2. Claims 1. An ink-jet recording method characterized in that 

after adhering to a recording medium a colorless or light-colored 

liquid containing an organic compound having two or more cationic 

groups per molecule,  an image is formed by adhering ink 

containing an anionic dye to the portions on which said liquid 

has been adhered. 

2. The recording method of claim 1 wherein said colorless or 

light-colored liquid contains a penetrant. 

3. The recording method of claim 2 wherein said penetrant is 

one or more members chosen from among the group consisting of 

nonionic surfactants,  anionic surfactants,  cationic surfactants, 

and fluorine surfactants. 

4. The recording method of claim 1 wherein said colorless or 

light-colored liquid contains a polyhydric alcohol. 

5. The recording method of claim 1 wherein said colorless or 

light-colored liquid is pH 5-14 or above. 

6. The recording method of claim 1 wherein the surface 

tension of said ink is 50 dyne/cm or less. 

7. The recording method of claim 1 wherein said anionic dye 

contains an intramolecular acid radical in the form of -S03", - 

COO",  or -0". 

3. Detailed Description of the Invention 

1 Numbers in the margin indicate pagination in the foreign text. 
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Industrial Field 

The present invention relates to an ink-jet recording 

method,  and more specifically,  to an ink-jet recording method in 

which, prior to the spraying of ink from a nozzle, a colorless or 

light-colored liquid is adhered to the recording medium to ensure 

good fixation of the ink. 

Prior Art 

Recently,  the advantages of ink-jet recording methods have 

led to their extensive utilization.    These advantages lie in that 

ink-jet recording methods:    (a) permit high-speed recording, (b) 

permit the use of various types of paper,  including common paper, 

as the recording medium since there is no contact with the 

recording medium,  and (c) permit,color printing. /458 

However,  the problem of nozzle clogging in ink-jet printing 

methods remains.    To solve this problem,  in addition to working 

on the shape and structure of the nozzle tip,  the use in the ink 

of a dye with a high degree of solvent solubility is also 

considered necessary.    However,  the durability (resistance to 

water when the solvent is water) of images obtained when using 

normal dyes of high solvent solubility in the ink tends to be 

poor. 

Proposed methods of eliminating this drawback are (1) 

precoating a material to fix the dye on the recording paper 

(recorded in Unexamined Japanese Patent Publication Nos. 56- 

86789,  55-144172,  56-84992,  etc.)  and (2)  providing a water- 

resisting agent forming a lake with the dye in the printed image 
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(recorded in Unexamined Japanese Patent Publication No. 55- 

150396) .    However,  above-cited method (1)  requires the use of 

special recording paper as the recording medium.    Although above- 

cited method (2)  solves the problem of water resistance,  since it 

is little effective or completely ineffective with regard to the 

drying property of the image after printing,  the image 

resolution, and the image density,  the result is a recording 

medium of extremely limited application. 

When the inks that have been employed in ink-jet recording 

methods to-date are printed on the recording paper (recording 

medium)  commonly employed in offices,  their drying times are 

slow, greasing and smearing caused by offsets in the recording 

paper feed system occur,  and, particularly in the case of color 

recording,  since the quantity of ink applied per unit area of 

recording paper (recording medium)  is large (due to the 

overlapping of multiple colors),  there is a drawback in that the 

ink flows into areas in which it is not required, blurring the 

image. 

Proposed methods of solving this drying property problem 

include:     (3)  the use of paper to which no or little sizing has 

been added as the recording medium (recorded in Unexamined 

Japanese Patent Publication No. 52-74340),   (4)   the use of paper 

on the surface of which is applied a coating consisting chiefly, 

of white pigment or a water-soluble polymeric material as the 

recording medium (recorded in Unexamined Japanese Patent 

Publication Nos.  52-53012,   56-89594,  etc.),   (5)   the addition to 
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the ink df a compound such as a surfactant to raise the 

penetration of the ink,  thereby lowering the ink surface tension 

(recorded in Unexamined Japanese Patent Publication No. 55- 

65269),   (6)  the use of an ink consisting chiefly of an organic 

solvent such as an alcohol, ketone,  or the like with a low 

surface tension,   (7) use of an ink consisting chiefly of a 

volatile solvent  (recorded in Unexamined Japanese Patent 

Publication No.  55-65976),  and  (8)  circulating the ink during 

use.    However,  above-cited methods  (3)  and (4),  similar to above- 

cited method (1),  require the use of a special recording medium. 

Although the drying property is slightly improved by above-cited 

methods  (5)  and (6),  since the ink medium (carrier)  and the dye 

in the ink penetrate deeply into the recorded image,  there are 

drawbacks in that the dye tends to penetrate through to the back 

side of the recording paper, lowering the image density and 

tending to decrease image definition.    Due to increased wetting 

of the recording surface, drawbacks such as feathering and 

decreased resolving power (the ink spreads across the surface and 

dot diameters increase in size)  occur.    In above-cited method 

(7),  the penetration of ink into the recording paper is 

accelerated while evaporation of solvent from the surface of the 

recording paper tends to occur,  achieving satisfactorily rapid 

drying.    However,  in addition to the same drawbacks as in above- 

cited method (6),  the nozzles tend to clog due to evaporation of 

solvent.    In above-cited method (8),  the solvent is evaporated by 

circulation of the ink.    This changes the ink composition, which 
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has the drawback of either precluding printing entirely or 

necessitating a complex configuration to compensate for the 

change in ink composition. 

A proposed method of increasing the sharpness of the printed 

image is (9) prespraying a solution of a polymer such as 

carboxymethyl cellulose, polyvinyl alcohol/ or polyvinyl acetate 

onto the recording medium prior to printing (recorded in 

Unexamined Japanese Patent Publication No. 56-89595). Although 

method (9) effectively increases sharpness, there are drawbacks 

in that the high viscosity of the polymer solution makes for poor 

drying of the solution itself and the drying property of /459 

the ink shows little improvement relative to when it is printed 

on normal paper. 

Based on these problems, there is need for an improved ink- 

jet recording method in which the above-described drawbacks do 

not occur. 

Object 

The present invention,  in accordance with the above-stated 

needs, has for its object to provide an ink-jet recording method 

improving the drying property, water resistance, light 

resistance,  resolution, definition,  sharpness,  and the like of 

the image after printing,  raising the image density after 

printing, preventing nozzle clogging,  and improving printer 

reliability. 

Conf igura t i on 
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The ink-jet recording method of the present invention is 

characterized in that after adhering a colorless or light-colored 

liquid containing an organic compound having two or more cationic 

groups per molecule to a recording medium,  an image is formed by 

adhering ink containing an anionic dye to the portions on which 

the liquid has been adhered. 

The present inventors discovered that when a colorless or 

light-colored liquid containing an organic compound having two or 

more cationic groups per molecule  (hereinafter referred to 

sometimes as an "organic cationic compound-containing solution") 

is adhered to a recording medium, and,  on the spots where the 

organic cationic compound-containing solution is adhered, ink 

containing anionic dye is provided as an image,  the cationic 

groups in the cationic compound and the anionic groups in the dye 

combine, yielding an image formed of salts insoluble or little 

soluble in solvent.    The present invention was devised on this 

basis. 

The method of the present invention is described in greater 

detail below. 

As set forth above,  in the ink-jet recording method of the 

present invention,  a colorless or light-colored liquid containing, 

an organic cationic compound is first adhered to a recording 

medium. 

Representative examples of this organic cationic compound 

are polymeric compounds having (a)  primary,  secondary, tertiary, 

or quaternary nitrogen (amine or ammonium)  or phosphorus 

C 
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(phosphonium) in their molecular chains or as pendant chains, and 

(b) low molecular weight cationic organic compounds. 

Below are specific examples of above-mentioned compound  (a): 

(1) (m=an integer of 0-3; R1,  R2,  R3=hydrogen or 

lower alkyl groups) 

(2) 

(polyethyleneimine) 

(3) 

(polyethyleneimine) 

(4) (m and n are integers) 

([illegible]  polymer]) 

(5) (R4 is hydrogen or a lower alkyl. group) 

(polyvinyl pyridine) 

O 
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(6) (R4 is hydrogen or a lower alkyl group) 

(polyvinyl pyridine) 

(7) 

(aminoacetal-treated polyvinyl alcohol) 

(8) 

(polyvinyl imidazole) 

(9) (R5 and R6 are lower alkyl groups) 

(polydialkylallylarnmonium) 

(10) (m is an integer of 0-3; R7,  R8,  and R9 

are hydrogen or lower alkyl groups) 

/46Q 

(11) (m is an integer of 0-3; R10,  R11,  and R12 

are hydrogen or lower alkyl groups) 

(12) (m is an integer of 0-3; R13,  R14,  and R15 

are hydrogen or lower alkyl groups) 

(13) (R16 and R17 are hydrogen or lower alkyl 

C 
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groups) 

(14) (R18 and R19 are hydrogen or lower alkyl 

groups) 

(polyvinylbenzylphosphonium) 

These polymeric cationic compounds can be employed as 

compounds of any acid,  such as hydrochlorides, acetates, 

nitrates,  and sulfates. 

Examples of commercial products of the above-mentioned 

polymeric cationic organic compounds are:    Sanfix 414, 414-C555, 

555US,  70,  and PRO-100   (from Sanyo Kasei); Protex 200,  Fix K, H, 

SK, MCL,  and FM  (from Satoda Kako);, Morinfixconk 3M (Morin 

Kagaku); Amigen  (Daiichi Yakuhin Kogyo); Epomin P100 (Nihon 

Shokubai); Fixoil R737 and E50  (Akinari Kagaku); Neofix RS (Nika 

Kagaku); Polyaminesulfone  (Nitto Ketsu  [illegible]); Polyfix 601 

(Showa Kobunshi); Nikafix D100  (Nihon Carbide)/ Rebogen B 

(Bayer)/ and Kaimen 557  (Dick Hercules). 

The solubility of these polymeric cationic compounds 

deteriorates at higher molecular weights.    Compounds with 

molecular.weights of 100,000 or less are preferable for use in 

the method of the present invention to avoid solutions with 

excessively high viscosities.    Compounds having 5-200 of the 

above-described cationic groups per molecule and a molecular 

weight of 20,000 or less are particularly desirable. 
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Specific examples of above-mentioned compound  (b) are: 

aliphatic or alicyclic polyhydric amines such as ethylenediamine, 

hexamethylenetetramine, piperazine,  1- (2'-aminoethyl) piperidine, 

1- (2'-aminoethyl) aziridine,  1- (2'-aminoethyl)pyrrolidine,  1-(2'- 

aminoethyl)hexamethyleneimine,  hexamethylenediamine, 

diethylenetriamine,  triethylenetetramine, tetraethylenepentamine, 

N, N*-bis(3-aminopropyl)putrescine, N- (3-aminopropyl)putrescine, 

1.4- diazacycloheptane,  1,5-diazacyclooctane,  1,4,11,14- 

tetraazacycloeicosane,  1,10-diazacyclooctadecane,  1,7- 

diaminopropane - 3 - ol,. 1 - amino - 2, 2 - bi s (aminome thyl) propane -1 - ol, 

1,3-diaminopropane-2-ol, N- (2-oxypropyl)ethylenediamine, 

heptaethyleneoctamine, nonaethylenedecamine,  1,3-bis (2'- 

aminoethylamino)propane,  triethylene-bis(trimethylene)hexamine, 

1,2-bis- [3'-(2,-aminoethylamino) propylamine] ethane,  bis (3- 

aminoethyl) amine,  1, 3-bis (3'aminopropylamino)propane,  and sym- 

homospermidine.    Of these,  compounds having three or more 

nitrogen atoms per molecule are particularly desirable for use in 

the method of the present invention.    This is because compounds 

with two or fewer nitrogen atoms tend not to form insoluble 

combinations when they react with a dye.    Furthermore, aromatic 

polyhydric amino acids such as phenylenediamine,  triaminobenzene, 

tetraaminobenzene, pentaaminobenzene, hexaaminobenzene,  2,6- or 

2.5- diamino-p-benzoquinonediimine, and 2,3,7,8-tetraamino /461 

phenazine can also be employed. 

The methods of synthesizing these compounds are recorded in 

Barton, Ollis,  Comprehensive Organic Chemistry,  Peryamon Press 
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(1979),  etc. 

The proportion of an organic cationic compound synthesized 

in this manner that is incorporated into the colorless or light- 

colored liquid is not specifically limited.    However, the 

compound is suitably used at a concentration yielding, per unit 

area of recording medium, a 1/10-100 equivalent, preferably a 

1/2-10 equivalent,  of the anionic groups in the dye of the ink 

applied later. 

The organic cationic compound-containing solution must dry- 

rapidly once applied to the recording medium, particularly when 

printing rapidly.    Furthermore, the printed ink must penetrate 

rapidly.    To satisfy these requirements,  it is desirable to add a 

compound to the transparent liquid  (organic cationic compound- 

containing solution)  and/or ink to increase penetration of the 

ink into the recording medium. 

Examples of penetration-enhancing compounds (penetrants) 

are:    nonionic surfactants such as polyoxyethylene alkyl ethers, 

polyoxyethylene alkyl phenyl ethers, polyoxyethylene alkyl 

esters, polyoxyethylene alkyl sorbitan esters, polyoxyethylene 

alkyl amines,  glycerin fatty esters,  sorbitan fatty esters, 

propylene glycol fatty esters, and polyoxyethylene glycol fatty 

esters; anionic surfactants such as alkyl sulfates, 

polyoxyethylene alkyl ether sulfates, polyoxyethylene alkyl ether 

acetates,  alkyl benzene sulfonates,  i\T-acylamino acid salts, alkyl 

sulfosuccinates,  and alkyl phosphates; cationic ^surfactants such 

-as^quaternary amines like benzalkonium salts? and fluorine 
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surfactants such as perfluoroalkyl phosphoric esters, 

perfluoroalkyl carboxylates,  and perfluoroalkyl betaines. 

Of these,  specific examples of preferred penetrants are: 

diethylene glycol monobutyl ether, diethylene glycol 

monophenylether, propylene glycol monobutyl ether,  and phosphorus 

surfactants.    These have a substantial effect in raising 

penetration. 

Although the quantity of penetrant added to the organic 

cationic compound-containing solution various somewhat with the 

type of penetrant,  a quantity of 30 weight percent or less, 

desirably 0.001-30 weight percent,  and preferably about 0.1-15 

weight percent is appropriate. 

In addition,  other conventional compounds added in normal 

ink-jet recording methods can be added in the same manner to the 

organic cationic compound-containing solution.    Examples are 

viscosity adjusting agents, preservatives  (including [illegible] 

agents), pH-adjusting agents, and ultraviolet-radiation absorbing 

agents. 

The use of polyhydric alcohols as viscosity-adjusting agents 

is particularly desirable since they also prevent nozzle 

clogging.    Examples of polyhydric alcohols are:    ethylene glycol, 

diethylene glycol,  triethylene glycol,  tetraethylene glycol, 

polyethylene glycol,  propylene glycol,  dipropylene glycol, 

glycerin,  diethanolamine,  and triethanolamine.    These polyhydric 

alcohols are suitably added in a proportion of 0-70 weight 

percent,  with 5-35 weight percent being particularly desirable. 
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Viscosity-adjusting agents other than polyhydric alcohols include 

alkyl ethers of polyhydric alcohols such as diethylene glycol 

monomethylether, diethylene glycol monoethylether, triethylene 

glycol monomethylether; and [illegible]  compounds such as N- 

methyl-2-pyrrolidone and 1,3-dimethylimidazolidinone. These /462 

[illegible]  are capable of  [illegible]  the above-mentioned 

organic cationic compounds well and are thus desirable.    The use 

of ethylene glycol, diethylene glycol, and glycerin is 

particularly advantageous. 

Compounds suitable for use as preservatives are sorbates, 

benzoates,  sodium pentachlorophenate,  sodium 2-pyridinethiol-1- 

oxide,  2,4-dimethyl-6-acetoxy-2n-dioxane,  and 1,2-benzthiazoline- 

3-one. 

As pH-adjusting agents,  alkali metal hydroxides such as 

sodium hydroxide and potassium hydroxide; alkali carbonates such 

as sodium carbonate and potassium carbonate; ammonium hydroxide; 

quaternary ammonium hydroxide; diethanolamine; and 

triethanolamine can be employed.    Salts such as sodium phosphate 

and sodium nitrate can be added to further buffer the pH.    The pH 

of the organic cationic compound-containing solution is 

determined so that the organic cationic compound does not 

precipitate,  the organic cationic compound-containing solution 

does not permeate parts with which it comes into contact,  and the 

like.    Parts comprising the system must be selected for a pH 

suitable to the organic cationic compound employed. Accordingly, 

the organic cationic compound-containing solution suitably has a 
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pH of 5-14, preferably 12 or above.    At a pH of 12 or above, the 

absorption rate of the organic cationic compound-containing 

solution into the recording medium and the subsequent absorption 

of ink that is applied are advantageously rapid. 

Ink containing dye having anionic groups will be described 

next.    Here,  any dye that bonds with the cations of the organic 

cationic compound to form a salt that is insoluble or little 

soluble in solvent can be used.    In particular, dyes having 

anionic groups such as intramolecular -S03",   -COO*",  and -0' are 

employed.    For example,  the color index categories of acid dyes, 

reactive dyes,  and direct dyes have these acid radicals. 

The following are specific examples of dyes. 

Examples of acid dyes are:    C.I. acid yellow 17,  C.I. acid 

yellow 23,  C.I. acid yellow 42,  C.I. acid yellow 44,  C.I. acid 

yellow 79,  C.I.  acid yellow 142,  C.I. acid yellow 35,  C.I. acid 

red 42, C.I. acid red 52,  C.I. acid red 82,  C.I. acid red 87, 

C.I. acid red 92,  C.I.  acid red 134,  C.I. acid red 243,  C.I. acid 

red 254,  C.I. acid red 289,  C.I. acid blue 1, C.I. acid blue 9, 

C.I. acid blue 15,  C.I. acid blue 59, C.I. acid blue 23, C.I. 

acid blue 249,  C.I.  acid black 2,  and C.I.  food black 2. 

Examples of direct dyes are:    C.I. direct yellow 33, C.I. 

direct yellow 44,  C.I.. direct yellow 50,  C.I. direct yellow 86, 

C.I. direct yellow 144,  C.I. direct orange 26,  C.I. direct orange 

102,  C.I. direct.red 4,  C.I. direct red 95,  C.I. direct red 242, 

C.I. direct red 9,  C.I.  direct red 17,  C.I. direct red 28, C.I. 

direct red 81,  C.I. direct red 83,  C.I. direct red 89, C.I. 
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direct red 225,  C.I. direct red 227,  C.I. direct blue 15, C.I. 

direct blue 76,  C.I. direct blue 85,  C.I. direct blue 200,  C.I. % 

direct blue 201,  C.I. direct blue 202,  C.I. direct black 19, C.I. 

direct black 22,  C.I.  direct black 31,  C.I. direct black 51, and 

C.I. direct black 154. /463 

Examples of reactive dyes are:    C.I. reactive yellow 17, 

C.I. reactive red 6,  and C.I. reactive blue 2. 

In addition,  the high-tone dyes below can also be 

effectively used in the present invention as magenta.dyes: 

(Where Q denotes a benzene ring containing a lower alkyl group, 

sulfone group, carboxyl group,  or halogen; R22 denotes 

hydrogen or a lower alkyl group,  NT denotes Li+, Ne+,  K\ or 

N+, 

and Y denotes 

(where R21 denotes hydrogen,  a lower alkyl group,  a lower 

alkoxy group,  a hydroxyl group,  or a halogen), or 

O 
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In most ink-jet recording methods,  only a limited group of 

dyes can be used to achieve water-resistant images.    That is, 

direct dyes are normally used to achieve water resistance. 

However,  since water resistance is heightened by the use of an 

organic cationic compound in the method of the present invention, 

dyes such as acid dyes of high solubility which tend not to clog 

the nozzles and dyes with better color tone can be employed. 

Furthermore,  in contrast to the usual ink-jet recording methods, 

since water resistance improves the greater the number of anionic 

groups per dye molecule in the method of the present invention, 

the greater the number of anionic groups the higher the 

solubility imparted to the dye.    Thus, dyes suitable for use in 

the method of the present invention are not limited to those 

recorded in the above-mentioned color index. 

The proportion in the ink of these pigments is 0.2-20 weight 

percent, preferably 0.5-7 weight percent. 

Ink is prepared by dissolving the dyes in a solvent such as 

water or an organic solvent  (an alcohol such as methanol or 

ethanol,  a ketone such as acetone or methyl ethyl ketone,  or the 

like).    The use of water is preferable when the solubility and 

stability of the dye in these solvents is taken into 

consideration. 

As mentioned above,  the drying property of the ink improves 

when a penetrant is added to the organic cationic compound- 

containing solution.    However,  to further improve the drying 

property of the ink,  a penetrant is added to the ink.    An ink 

O 
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surface tension of 50 dyne/cm or less is particularly desirable. 

The same penetrants that are added to the organic cationic 

compound-containing solution can be employed to the ink as 

needed.    The proportion of penetrants added to the ink must be 

chosen so that the surface tension does not drop so low as to 

preclude printing, blurring of the image does not occur, and dot 

spreading does not become excessive.    Thus, penetrants are 

desirably added to produce a surface tension within the range of 

30-50 dyne/cm. 

In addition,  other additives blended into the ink in normal 

ink-jet recording methods can also be added to the ink in the 

method of the present invention.    Examples are the polyhydric 

alcohol penetrants, viscosity-adjusting agents, preservatives, 

pH-adjusting agents,  and the like recorded in the description of 

the organic cationic compound-containing solution set forth 

above. 

The recording medium is not specifically limited. /464 

[illegible].    Examples of recording media are: commercially 

available sized paper; medium quality paper; Japanese paper; 

fibers such as cotton, acetate,  and nylon,  or fabrics of such 

fibers; and films of plastics such as polyester and polycarbonate 

coated on the surface of a hydrophobic polymeric compound such as 

polyvinyl alcohol or polyvinyl pyrrolidone.    From the viewpoint 

of drying properties,  it is particularly preferable in the method 

of the present invention to print on sized paper and fabrics. 

An organic cationic compound-containing solution (the 

O 
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colorless or light-colored liquid containing the organic cationic 

compound),  ink  (containing dyes having anionic groups),  and a 

recording medium are employed in the ink-jet recording method of 

the present invention.    First, prior to printing with ink 

(preferably immediately prior),  the organic cationic compound- 

containing solution is adhered to the recording medium. Then, 

without any particular forced drying of the recording medium by 

heating or the like,  the ink is adhered to the portion on which 

the organic cationic compound-containing solution has been 

adhered to bond the anionic groups in the dye to the anionic 

groups in the organic cationic compound,  forming in the solvent 

an insoluble or little-soluble salt which appears as the image. 

There are a number of methods of adhering the organic 

cationic compound-containing solution to the recording medium. 

In one method,  the organic cationic compound-containing solution 

is adhered over the entire surface of the recording medium by 

spraying and the use of rollers.    After the organic cationic 

compound-containing solution has soaked the recording medium, 

surplus organic cationic compound-containing solution is removed 

with a squeeze roller or the like.    However,  the task is 

preferably accomplished by an ink-jet system in which organic 

cationic compound-containing solution is selectively and 

uniformly applied only to portions where ink will be later 

adhered. 

However,  when applying organic cationic compound-containing 

solution by this ink-jet system,  if the diameter of a single dot 
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formed on the recording medium by one drop of organic cationic 

compound-containing solution <£s.-:made roughly equal to the 

diameter of a dot made by a single drop of ink, when selectively 

adhering organic cationic compound-containing solution, the 

positions at which organic cationic compound-containing solution 

is adhered and those at which ink is adhered must match 

precisely, making it difficult to adjust the spraying positions 

of the two liquids.    Thus,  it is desirable to make the diameter 

of the dot of organic cationic compound-containing solution on 

the recording medium larger than the diameter of the dot of ink. 

This is preferably accomplished by (a)  making the diameter of the 

nozzle spraying organic cationic compound-containing solution 

larger than the diameter of the nozzle spraying ink;   (b) -making 

the viscosity of the organic cationic compound-containing 

solution lower than that of the ink so that when both organic 

cationic compound-containing solution and .ink are sprayed under 

the same conditions, the organic cationic compound-containing 

solution dots have larger diameters than those of ink dots; or 

(c) by processing the print signal when it is difficult to 

achieve a difference in dot size between the organic cationic 

compound-containing solution and the ink so that a larger portion 

of organic cationic compound-containing solution is adhered 

around,  for example, a single picture dot than is printed with 

ink. 

One reason why the organic cationic compound-containing 

solution must be colorless or light-colored is that,  as set forth 
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above,  organic cationic compound-containing solution is adhered 

around the picture formed by adherence of ink.    Another is to 

render the printed  (formed)  image almost identical to the image 

that would be printed by ink alone.    Thus,  to avoid problems in 

these regards,  the organic cationic compound-containing solution 

must be substantially colorless or have little color.    That is, 

so long as adherence of organic cationic compound-containing 

solution around the image cannot be  [illegible], particularly 

when printing color images,  the organic cationic compound- /465 

containing solution can be either colorless or light-colored to a 

degree that does not affect color reproduction. 

The period from the time the organic cationic compound- 

containing solution is adhered to the recording medium until the 

ink is adhered is an important factor affecting print quality 

(image quality).    This period is appropriately determined by 

factors such as the quantities of organic cationic compound- 

containing solution and ink droplets,  the flying speed of the 

droplets,  the penetration rate of the organic cationic compound- 

containing solution into the recording medium,  and the surface 

tension of the ink.    Optimally,  ink droplets are adhered during 

the several seconds, immediately after the organic cationic 

compound-containing solution has penetrated into the recording 

medium and disappeared from sight.    When organic cationic 

compound-containing solution remains on the surface of the 

recording medium during adhesion of ink droplets,  splashing ink 

dirties the edge of the image and the ink moves toward the 
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organic cationic compound-containing solution,  tending to blur 

the image.    By contrast, when too much time elapses after the 

adherence of the organic cationic compound-containing solution, 

the cationic groups in the organic cationic compound-containing 

solution and the anionic groups in the dye in the ink react 

sluggishly,  the effect of the penetrants in the organic cationic 

compound-containing solution diminishes,  and the ink dries 

slowly. 

To control the state of adherence of the organic cationic 

compound-containing solution during the application of ink, the 

position of the head in the printer discharging organic cationic. 

compound-containing solution can be adjusted relative to the 

position of the head discharging ink,  and the amount of penetrant 
r 

added to the organic cationic compound-containing solution can be 

adjusted. 

Ink-jet systems proposed by the present inventors can be 

employed to adhere the organic cationic compound-containing 

solution and ink to the recording medium.    These systems are also 

recorded,  for example,  in the Television Institute Journal, 37, 

(7)540   (1983),  relating to proposals by Mr. Junji Maeda. 

Representative systems are the charge-regulating type continuous 

spray system,  and on-demand systems such as the Kayser-type, 

Gould-type,  bubble-jet type, and Stenme-type systems. 

The method recorded in Unexamined Japanese Patent 

Publication No.  54-43733 is  [illegible]  to the present invention. 

However,  in this method,  two-liquid,  hardening-type components 
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are reacted and fixed by combining them on glass.    In addition, 

the ink is oil-based,  and the isocyanate,  epoxy groups,  and the 

like recorded in the embodiments are substantially unstable, 

making them unsuitable for most printers from the perspective of 

nozzle clogging. 

Embodiments 

(Percentages based on weight) 

First,  six types of organic cationic compound-containing 

solutions and 19 types of ink (5 types of yellow ink,  7 types of 

magenta ink,  5 types of cyan ink, and two types of black ink) 

were prepared according to the blends given below. 

(Organic cationic compound-containing solution P-l) 

Polyallylamine 5.0% 

Glycerin 10.0% 

Ethylene glycol 11.0% 

Diethylene glycol 20.0% 

Diethylene glycol monobutyl ether 12.0% 

Dehydroacetic acid soda * 0.1% 

Purified water remainder 

(Organic cationic compound-containing solution P-2) 

Polyethyleneimine 3 .0% 

Glycerin 10.0% 

Diethylene glycol 23.0% 

Diethylene glycol monobutyl ether 5.0% 

Dehydroacetic acid soda 0.1% 

Purified water remainder 
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(Organic cationic compound-containing solution P-3) 

Prepared using a quaternary polymer (N-trimethylaminomethyl 

polystyrene:  in above-listed formula  (10), m=l, R7=R8=R9=-CH3) in 

place of the polyallylamine of above-listed P-l. /466 

(Organic cationic compound-containing solution P-4) 

Prepared using tetraethylenepentamine in place of the 

polyethyleneimine of P-2. 

(Organic cationic compound-containing solution P-5) 

Polydimethyldiallylammonium hydrochloride 

Glycerin 

Ethylene glycol 

Diethylene glycol 

Dehydroacetic acid soda 

Purified water 

(Adjusted to pH 13.5 with NaOH.) 

(Organic cationic compound-containing solution P-6) 

Polyallylamine 4.0% 

Glycerin 5.0% 

Diethylene glycol 25.0% 

Propylene glycol monobutyl ether 1.0% 

Purified water remainder 

(Adjusted to pH 13.5 with (C2H6)<NOH.) 

(Yellow Ink Y-l) 

C.I. acid yellow 23 3.0% 

Glycerin 10.0% 

Ethylene glycol 15.0% 

4.0% 

10.0% 

11.0% 

32 .0% 

0.1% 

remainder 

O 
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Diethylene glycol 

Diethylene glycol monobutyl ether 

Dehydroacetic acid soda 

Purified water 

(Yellow Ink Y-2) 

C.I.  food yellow 3 

Glycerin 

Ethylene glycol 

Diethylene glycol 

Propylene glycol monobutyl ether 

Dehydroacetic acid soda 

Purified water 

(Yellow Ink Y-3) 

Prepared using C.I. direct yellow 142 in place of 

yellow 23 in above-listed Ink Y-l. 

(Yellow Ink Y-4) 

C.I. acid yellow 17 

Glycerin 

Ethylene glycol 

Diethylene glycol 

Dehydroacetic acid soda 

Purified water 

(Yellow Ink Y-5) 

C.I. acid yellow 23 

Glycerin 

Diethylene glycol 

24.0% 

4.0% 

0.3% 

remainder 

3.0% 

10.0% 

15.0% 

25.0% 

2.0% 

0.3% 

remainder 

C.I. acid 

3.0% 

10.0% 

15.0% 

28.0% 

0.3% 

remainder 

3.0% 

5.0% 

22 .0% 
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Diethylene glycol monobutyl ether 3.0% 

Sodium 2-pyridinethiol-l-oxide 0.2% 

Purified water remainder 

(Magenta Ink M-l) 

Prepared using C.I.  acid red 92 in place of C.I. acid yellow 

23 in above-listed Ink Y-l. 

(Magenta Ink M-2) 

Prepared using C.I. acid red 254 in place of C.I. food 

yellow 3 in above-listed Ink Y-2. 

(Magenta Ink M-3) 

Prepared using C.I. acid red 35 in place of C.I. acid yellow 

23 in above-listed Ink Y-l. 

(Magenta Ink M-4) 

Prepared using a dye of structural formula  (A), given below, 

'in place of C.I.  food yellow 3 in above-listed Ink Y-2. 

... (A) 

(Magenta Ink M-5) 

Prepared using a dye of structural formula (B), given below, 

in place of C.I. acid yellow 23 in above-listed Ink Y-l. /467 

(B) 
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(Magenta Ink M-6) 

Prepared using C.I. acid red 35 in place of C.I. acid yellow 

17 in above-listed Ink Y-4. 

(Magenta Ink M-7) 

Prepared using the above-listed dye of structural formula 

(A)  in place of C.I. acid yellow 23 in above-listed Ink Y-5. 

(Cyan Ink C-l)• 

Prepared using C.I. direct blue 86 in place of C.I. acid 

yellow 23 in above-listed Ink Y-l. 

(Cyan Ink C-2) 

Prepared using C.I. direct blue 9 in place of C.I. acid 

yellow 23 in above-listed Ink Y-l. 

(Cyan Ink C-3) 

Prepared using C.I. direct blue 86 in place of C.I. food 

yellow 3 in above-listed Ink Y-2. 

(Cyan Ink C-4) 

Prepared using C.I. direct blue 86 in place of C.I. acid 

yellow 17 in above-listed Ink Y-4. 

(Cyan Ink C-5) 

Prepared using C.I. direct blue 249 in place of C.I. acid 

yellow 23 in above-listed Ink Y-5. 

(Black Ink Bl-1) 

Prepared using C.I.  food black 2 in place of C.I. acid 

yellow 23 in above-listed Ink Y-l. 

(Black Ink Bl-2) 

Prepared using C.I. acid black 72 in place of C.I. acid 
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yellow 23 in above-listed Ink Y-5. 

In addition to the above,  one type of organic cationic 

compound-containing solution  (Q-l)  and four types of ink (Yellow 

Ink Y\ Magenta Ink M',  Cyan Ink C\ and Black Ink Bl') were 

separately prepared. 

(Organic cationic compound-containing solution Q-l) 

Polyallylamine 4.0% 

Glycerin 10.0% 

Ethylene glycol 11.0% 

Diethylene glycol 32.0% 

Purified water 43.0% 

(Adjusted to pH 8.0 with NaOH) 

(Yellow Ink Y') 

C.I. acid yellow 23 3.0% 

Glycerin 10.0% 

Ethylene glycol 15.0% 

Diethylene glycol 14.0% 

Diethylene glycol monobutyl ether 14.0% 

Dehydroacetic acid soda 0.3% 

Purified water remainder 

(Ink Y' is above-listed Ink Y-l with an increased amount of 

diethylene glycol monobutyl ether.) 

(Magenta Ink M') 

Prepared using C.I. acid red 92 in place of the C.I. acid 

yellow 23 in above-listed Ink Y'. 

(Cyan Ink C') 

O 
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Prepared using C.I. direct blue 85 in place of the C.I. acid 

yellow 23 in above-listed Ink Y'. 

(Black Ink Bl') 

Prepared using C.I.  food black 2 in place of the C.I. acid 

yellow 23 in above-listed Ink Y'. 

These organic cationic compound-containing solutions and 

inks were used to print on commercial high-quality paper with 

either a Kayser on-demand ink-jet printer or a charge-regulating 

type ink-jet printer,  as shown in Table 1. ,/468 

Table 1 

No . Method 
of 
Printi 
ng 

Organic Cationic 
Compound- 
Containing 
Solution 

Ink 

Yello 
w 

Magent 
a 

Cyan Black 

1 o P-l Y-l M-l C-l Bl-1 

2 o P-2 Y-2 M-2 C-3 Bl-1 

3 o P-3 Y-3 . M-3 C-2 Bl-1 

4 o P-4 Y-4 M-6 C-4 Bl-1 

5 o P-5 Y-2 M-2 C-2 Bl-1 

6 o P-l Y-3 M-4 C-2 Bl-1 

7 o P-3 M-5 

8 C P-6 Y-5 M-7 C-5 Bl-2 

9 o None Y-l M-l C-l Bl-1 

10 c None Y-5 M-7 C-5 Bl-2 

11 o Q-l Y-l M-l C-l Bl-1 

12 o None Y' M' C Bl' 

13 o Q-l Y-4 M-6 C-4 

14 o Q-l M-5 C-4 

Note 1:    In the Method of Printing column,  ' denotes an on-demand 
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system,  C denotes a charge-regulated system.    The printers were 

approximately as follows. 

(1) Kayser-Type On-Demand Ink-Jet Printer 

Nozzle and ink chamber 60 /urn in diameter,  equipped with 

5 heads each having 9 driven elements,  used to spray organic 

cationic compound-containing solution, yellow ink, magenta 

ink,  cyan ink,  and black ink,  respectively.    Fig. 1 shows a 

plan view of the printer carriage portion.    Fig.  2 shows a 

side view of the carriage portion.    Fig.  3 shows a front 

view of a (single)  head.    A carriage 1 is scanned (in the 

direction indicated by the arrow in Fig.  1)  along a shuttle 

2 and organic cationic compound-containing solution is fed 

to head member 3IP from an organic cationic compound- 

containing solution cartridge 3P provided on carriage 1. 

Ink is fed from ink cartridges 3Y,  3M,  3C,  and 3B1 to heads 

31Y,  3121,  31C,  and 31B1,  respectively.    Voltage is applied 

on the basis of an image signal to electrostrictive elements 

(not shown) mounted on the heads to form an image on 

recording paper 4  (the recording medium).    In the figure, 5 

denotes a platen. 

Hea4:.:r31Py r.used to spray organic cationic compound- 

containing solution,  is mounted below carriage 1 ink heads 

31y,  31m,  31c,  and 31b.    Since recording medium 4 is scanned 

from above, the*design is. such that the organic cationic 

compound-containing solution is adhered before the ink>to 

recording medium 4.    The organic cationic compound- 
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containing solution corresponds to the images of all the 

printed portions of yellow, magenta,  cyan,  and black images, 

and the signal is processed so that only one dot of excess 

is discharged around the image.    Fig. 4 shows adherence of 

ink on the adhered portion of organic cationic compound- 

containing solution and the formation of the image  (I) . 

(2)  Charge-Regulated Ink-Jet Printer 

Printing was conducted with the printer shown in Fig. 

6, equipped with five of the binary charge-regulated type 

ink-jet units shown in Fig. 5.    The print heads for each of 

the inks were positioned within carriage 1 as indicated in 

Fig. 7.    Nozzles having diameters of 25 fum were employed. 

The  [illegible]   frequency was 132 KHz. 

Note 2:    Nos.  11,  13,  and 14 are reference examples,  and Nos. 9, 

10, and 12 are comparative examples.    In No.  14,  M-6 or C- 

[illegible]   ink was first loaded into the organic cationic 

compound-containing solution head, Q-l solution was loaded 

into the yellow head,  and printing was conducted (after 

printing with ink,  a liquid containing a water-resistant 

agent was adhered). 

The printing results are as shown in Table 2 . /469 

Table 2 
[#T]   Image density 
[#U] Water resistance 
[#V]. Drying time (sec) 
[#W]   (Black excluded) 
[#X]   Image blurring 
[#Y]  Color tone 
[#Z]   Image definition 
[#A1]  Ink surface tension 
[#B1]  42-44   (Excluding black) 



[#C1]  52-57  (Excluding black) 

Note 1:      Y denotes a yellow image, M a magenta image,  C a cyan 

image,  and Bl  (black)  a black image. 

Note 2:      The picture density was determined by measuring a solid 

portion with a MacBeth densitometer. 

Note 3:      The water resistance of the image was obtained by 

immersing an image sample in 30°C water for 1 min, 

measuring the image density before and after immersion 

with a MacBeth densitometer,  and determining the amount 

of color fading in the formula below: 

i -    (main color density before immersion)   x 100 (%) 
(main color density after immersion) 

Note 4:      The drying time was determined as the time elapsing 

after printing until ink would not transfer to filter 

paper. 

Note 5:      Image blurring was evaluated by visually determining 

the presence or absence of feathering.    An "X" 

indicates that feathering was present; a "o» indicates 

there was no feathering. 

Note 6:      Color tone was evaluated visually.    Here, a "O" 

indicates that the adherence of the organic cationic 

compound-containing solution was noticeable [sic: 

unnoticeable]  or almost unnoticeable,  and when absent, 

no significant difference in color tone was present. 

Any clear difference from this was denoted by an "X". 

Note 7:      Image definition was visually evaluated as the presence 

or absence of ink outflow from the edge of a solid 
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portion of image having two overlapping colors. The 

presence of outflow was denoted by an "Xl! and its 

absence by a l!o.» 

Note 8:      Nozzle clogging was tested by printing,  allowing the 

nozzle to remain at 20°C and 65% RH for 2 months under 

the same conditions as when printing was stopped, and 

then determining whether or not normal printing was 

again possible.    A *'o» indicates no clogging and an "X" 

indicates clogging. 

Note 9:      The shelf life was determined by charging ink and 

organic cationic compound-containing solution to 

polyethylene containers; storing them for three months 

at -20°C,  4°C,  20°C,  50°C,  and 70°C,  respectively; and 

observing before and after storage the change in 

viscosity,  surface tension,  and electrical conductivity 

and the presence or absence of precipitates.    A "O" 

indicates good shelf life and an "X" poor shelf life. 

Effects 

The following effects are achieved by the ink-jet recording 

method of the present invention: 

(a) The dye in the ink and the cat ionic groups in the organic 

cationic compound-containing solution bond,  the dye is 

bonded through the medium of the organic cationic compound, 

and a water-insoluble aggregate is formed, substantially 

increasing the water resistance of the image. 

(b) Since the dye forms an aggregate,  the dye does not penetrate 



into the interior of the paper but stops near the surface of 

the paper,  improving the definition and density of the 

image.    Since the solvent only penetrates the surface of the 

paper,  the dye does not spread.    Thus, an image with good 

sharpness and of high resolution is obtained. 

(c) Since the dye forms an aggregate,  it is possible to suppress 

penetration of the color material into the paper surface. 

Thus, no image blurring occurs even when using readily 

drying inks with low surface tensions,  and drying properties 

are accordingly better. /47Q 

(d) Improved drying properties are achieved even when using a 

high surface tension ink due to penetrants in the organic 

cationic compound-containing solution. 

(e) The resistance to light of the aggregate of dye and organic 

cationic compound is better than when the dye does not form 

an aggregate  (the reason is not clear). 

(f) Since the dye employed in the ink can be selected 

irrespective of water resistance,  it is possible to improve 

both resistance to clogging and color tone. 

4. Brief Description of the Figures 

Fig. 1 is a plan view of the carriage portion of a Kayser- 

type on-demand ink-jet printer.    Fig.  2 is a side view of the 

same.    Fig. 3 is the front view of an ink head. 

Fig. 4 is a drawing showing the shape of an image formed 

(printed)  on a recording medium. 
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Fig.  5 is a drawing showing a schematic of a binary charge 

regulated ink[-jet]  unit.    Fig.  6 is a drawing showing how 

printing is effected by a printer employing the unit of Fig. 5. 

Fig.  7 is a drawing showing the positioning of print heads 

l=Carriage 

2=Shuttle  (carriage guide) 

21=Carriage feed screw 

3P=0rganic cationic compound-containing solution cartridge , 

3Y=Yellow ink cartridge 

3M=Magenta ink cartridge 

3C=Cyan ink cartridge 

3Bl=Black ink cartridge 

31=He.ad 

31P^prg^ :S^lufeij0^: head. 

31Y=Yellow ink head 

31M=Magenta ink head 

31C=Cyan ink head 

31Bl=Black ink head 

4=Recording medium 

5=Platen (drum) 

6=Ink pump unit 

71=Charging electrode 

72=Deflecting electrode 

8=Garter [spring] 

Fig. 1 

[(#top)  Paper surface] 



Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 

1. Black unit 

2. Cyan unit 

3. Magenta unit 

4. Yellow unit 

Organic cationic compound-containing solution unit 

O 
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